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Abstract Here we compare the performance of 2-
year-old human children with that of adult rhesus
macaques on a cognitive imitation task. The task was
to respond, in a particular order, to arbitrary sets of
photographs that were presented simultaneously on a
touch sensitive video monitor. Because the spatial
position of list items was varied from trial to trial,
subjects could not learn this task as a series of specific
motor responses. On some lists, subjects with no
knowledge of the ordinal position of the items were
given the opportunity to learn the order of those items
by observing an expert model. Children, like monkeys,
learned new lists more rapidly in a social condition
where they had the opportunity to observe an experi-
enced model perform the list in question, than under a
baseline condition in which they had to learn new lists
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entirely by trial and error. No differences were ob-
served between the accuracy of each species’ responses
to individual items or in the frequencies with which
they made different types of errors. These results
provide clear evidence that monkeys and humans share
the ability to imitate novel cognitive rules (cognitive
imitation).
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Introduction

Is the ability to learn by imitation uniquely human? As
Aristotle famously wrote in the Poetics:

“Imitation is natural to man from childhood, one
of his advantages over the lower animals being
this, that he is the most imitative creature in the
world, and learns at first by imitation”.

Similar views were expressed by the philosophers of
the Enlightment (Hume 1739, 1911; Rousseau 1754,
1991) and by scientists in the early history of compar-
ative (Baldwin 1902; Morgan 1900; Thorndike 1898)
and developmental (Guillaume 1968; Piaget 1962)
psychology. It is now widely accepted that human
newborns copy facial expressions such as tongue pro-
trusions (e.g., Anisfeld 1991; Meltzoff 1988; Meltzoff
and Moore 1977), and that older children can imitate
goals (Bekkering et al. 2000) and affective states, such
as anger and aggression (Bandura 1977). However,
there have not been any direct comparisons of the
imitative abilities of monkeys and human children.
This is not surprising given the widespread belief
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Fig. 1 Simultaneous chaining
task. Subjects must touch
each photograph in the
correct sequence to receive a
reward. The position of each
photograph is varied
randomly each trial to ensure
that subjects do not learn a
sequence of motor acts or
spatial rules
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that monkeys lack the ability to learn by imitation
(Adams-Curtis 1987; Beck 1976; Tomasello et al. 1997;
Visalberghi and Fragaszy 2002; Whiten and Ham 1992)
and reports that young human children (ages 2-4), but
not apes, can copy novel motor acts with high fidelity
(Call et al. 2005; Call and Tomasello 1995; Nagell et al.
1993; Tomasello et al. 1987, 1993; see Whiten et al.
1996 for a possible exception). However, a recent
demonstration of cognitive imitation in monkeys
(Subiaul et al. 2004) suggests that the widely reported
differences between human and non-human primates
may be confounded in part by species differences in the
planning and execution of novel motor actions (John-
son-Frey 2004).

Subiaul et al. (2004) showed that rhesus macaques
imitate novel cognitive rules. In that study, subjects
were trained to respond in a particular order to pho-
tographs that were presented simultaneously on a
touch-sensitive video monitor. In a baseline condition,
subjects learned the order in which to respond to list
items by trial and error. In a social condition, subjects
were given an opportunity to observe an experienced
monkey execute a new list prior to being tested on the
same list. Subjects learned new lists more rapidly when
they were allowed to observe the expert execute those
lists than when they had to learn new lists entirely by
trial and error. This result provided a basis for directly
comparing the imitative abilities of children and rhesus
macaques.

To compare cognitive imitation in these two species,
we trained 17 typically developing 2-year-old human
children on the simultaneous chaining task (Terrace
2005). Children, like monkeys (Subiaul et al. 2004),
were required to respond to lists of four simultaneously
presented photographs in a particular order, irrespec-
tive of their position on a touch-sensitive monitor
(Fig. 1). Random variation of the positions of the
photographs from trial to trial ensured that the subject
could not execute lists as a particular motor sequence
and also ensured that the task could not be learned via

stimulus- or local-enhancement alone (Spence 1937;
Thorpe 1956).
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Materials and methods
Subjects

Twenty typically developing 2-year-olds participated in
this study (mean 2.52, SD 0.21). Ten were girls, and ten
were boys. All the children were recruited from local
daycare centers in the NYC area. Seventeen success-
fully completed training and of these, 15 completed at
least a social or a baseline list. Only six, however,
completed both a baseline and a social list. The parents
of all the participants read and signed a consent form
approved by the Columbia University IRB. The chil-
dren’s performance was compared with the perfor-
mance of two adult rhesus monkeys tested in another
study (Subiaul et al. 2004).

Procedures

Subjects were tested under two conditions: baseline
and social. Lists trained in baseline had to be learned
entirely by trial and error. Under the social condi-
tion, a naive ‘‘student” was given the opportunity to
observe an ‘“‘expert” execute the list it had to learn.
The student’s task is analogous to memorizing
someone’s four-digit password by looking over their
shoulder as they operate an automated banking/teller
machine (ATM), with the added difficulty that the
typical configuration of the numbers varied on every
trial. In this task, the probability of a subject guessing
the correct sequence on the first trial, and thereby
earning reinforcement, is 1/4! = 0.04. Simultaneous
chains are typically learned by trial and error from
feedback that follows each response, correct or
incorrect. Correct responses were followed by brief
(0.5 s) visual and auditory feedback; errors, by a
variable time out (2-5 s) during which the screen was
dark. The inter-trial-interval (ITI) was 2 s. Children
were rewarded by “‘jumping man,” a 3 s movie clip
of a man doing a backward summersault, that was
accompanied by music; monkeys, by the delivery of a
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190 mg banana pellet. Reward occurred only after
participants responded to all four-items on the mon-
itor correctly (the order A - B - C — D).

Training and testing: human participants

Human participants were trained and tested using one
laptop computer equipped with a touch-screen in their
homes by two investigators (FS and KR). Prior to
testing, all participants were introduced to the task in
three steps. First, the experimenter showed the subject
the consequences of responding to a single item
(photographs 3.8 cm x 5.8 cm) on a touch-sensitive
screen (Microtouch) affixed to a laptop iBook Apple
computer. Following a response—defined as making
contact with an item on the screen—a border appeared
around the picture, the computer generated a 1,000 Hz
tone and after a 2 s IT1, the picture disappeared and re-
appeared in a different spatial position. Following this
demonstration, the experimenter encouraged partici-
pants to respond to the single item on their own. Once
participants responded comfortably to a single item on
the touch-screen, they were introduced to a three-item
list of arbitrary photographs. With the aid of the
experimenter, participants were encouraged to respond
to all three pictures and to discover the correct se-
quence by trial and error. As noted earlier, reinforce-
ment consisted of “jumping man.” Participants were
trained on four-item lists when they responded cor-
rectly to all three of the list items. With four-item lists,
participants were encouraged to discover the correct
order of the pictures by trial and error. Training ended
once participants responded correctly to a four-item
list. Training took approximately 30-45 min/session.

Following training, participants were tested on new
lists that were presented under the baseline and the
social condition in a pseudo-random order. Under the
baseline condition, participants were not provided with
any information as to the ordinal position of the pic-
tures on the computer screen. At the start of the ses-
sion, the laptop was placed in front of the child and the
experimenters encouraged the participant to respond
to the items on the screen. Because participants had to
discover the serial order of each item by trial and error,
this condition served as a baseline measure of trial and
error learning.

Under the social condition, the investigator (‘“model/
expert”’) demonstrated how to respond to a particular
list by saying ‘“watch me” and then touching each
picture on the screen in the prescribed order. Each of
the model’s responses was highlighted by audio and
visual feedback from the computer (described above).

This procedure was repeated three consecutive times
with the same list. After the demonstration period, the
computer used by the model was reconfigured (<5 s)
and the child was allowed to respond.

Both baseline and social sessions were terminated
once the participants responded correctly to all list
items. New lists of arbitrary pictures were used under
each condition and lists were never repeated. As a
consequence, our measures of learning by cognitive
imitation were based entirely on the acquisition of
those items and not their retention.

Training and testing: monkeys

The methods used to train and test two adult rhesus
macaques (Horatio and Oberon) are described in de-
tail elsewhere (Subiaul et al. 2004). Briefly, subjects
learned to execute 60 different four-item lists of arbi-
trarily selected photographs in two sound attenuated
chambers placed next to each other. The interior walls
of each chamber contained a window made of tem-
pered glass. When an opaque partition was placed
between the booths, subjects could not see each other.
When the partition was removed, subjects had a full
view of one another. Both monkeys were each tested
on 30 four-item lists. Fifteen of those lists were col-
lected in isolation with the partition between the
chambers in place (baseline condition). On the
remaining 15 lists, the partition was removed (social
condition). This allowed a “student” monkey to ob-
serve an “‘expert’” monkey execute the list on which the
student would be tested.

The two monkeys tested, Horatio and Oberon, each
served as a “‘student” and as an “‘expert.” The student
was introduced to that same list during two successive
blocks of 20 trials. The first block of 20 trials was a
demonstration in which the expert executed an over-
learned list. Throughout this block, the student’s
monitor was dark and inactive. That arrangement al-
lowed the student to observe, but not perform, the
sequence that the expert executed in the adjacent
chamber. During the second block of 20 trials (test
period), the student’s monitor was activated, allowing
him to respond to the new list items. The student and
the expert worked side-by-side throughout the test
period in full view of each other until the student
completed his block of 20 trials.!

! In the event that participants did not discover the serial position
of list items within 20-trials, the total number of responses from
the beginning to the end of the session were recorded.
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Measures

Our measure of cognitive imitation was the number of
responses a subject made on a new list before com-
pleting the first trial correctly. This is a very unbiased
measure of cognitive imitation because, after the first
correct trial (i.e., after responding correctly to all four
list items—A, B, C, D—for the first time), a subject’s
performance could be influenced by cognitive imita-
tion, by trial and error, or by both factors.

Results
Average rate of learning

Our results demonstrate that both human children and
rhesus monkeys learned significantly faster in the social
condition than in the baseline condition. As reported in
an earlier study (Subiaul et al. 2004) monkeys’ per-
formance in the social condition, where subjects could
glean the order of pictures from the responses of an
expert monkey, significantly differed from their per-
formance in a baseline condition (t29 =441, P < 0.001,
paired ¢ test, one-tailed) where new items had to be
learned by trial and error. Two-year olds similarly
benefited from the social condition. Like monkeys,
children learned significantly faster in the social con-
dition than in the baseline condition (£ = 2.06,
P = 0.04, paired ¢ test, one-tailed). The relevant results
are shown in Table 1.

Frequency of backward and perseverative errors

To pursue the similarity of mechanisms that children
and monkeys used to discover the serial order of new
list items, we performed a molecular analysis of the
frequency of different types of errors that each species

Table 1 The mean performance (SD) of monkeys and children
when executing new lists in baseline and social treatments

Monkeys Children

Baseline 14.63 (1.85) 17.5 (2.38)
Errors

Perseverative 4.17 (0.94) 3.2 (1.04)

Backward 0.1 (0.06) 0.1 (0.1)
Social 10.77 (1.02)%**** 8.45 (0.9)**
Errors

Perseverative 2.1 (0.63)%*** 0.91 (0.48)*

Backward 0.133 (0.06) 0.09 (0.09)

Differences from baseline performance are in bold
ik P < 0.001, ***P < 0.005, **P < 0.05, *P = 0.06

@ Springer

made and of the accuracy with which they responded
to individual list items. Previous studies have identified
the relative frequencies of backward and perseverative
errors (e.g, A > B - Aand A - C,A — C,
respectively) as diagnostic of expertise on the simul-
taneous chaining task (Swartz et al. 1991; Terrace et al.
2003). Because of expertise that participants acquire
while learning lists, the frequency of backward errors
should be low for each species during both the social
and the baseline conditions. By contrast, the relative
frequency of perseverative errors should be high dur-
ing the baseline condition (because participants have
to learn new lists by trial and error), but low during the
social condition, in which participants could learn the
order of list items during the demonstration phase. As
shown in Table 1, monkeys (t29 =2.96, P =0.003,
paired ¢ test, one-tailed) and children (£ = 1.85,
P =0.06, paired ¢ test, one-tailed) made significantly
more perseverative errors in the baseline condition
than in the social condition. Monkeys across 60 new
lists (30 baseline, 30 social) made a total of 10 back-
ward errors. Children across 12 new lists (6 baseline, 6
social) made a total of 4 backward errors. For neither
monkeys nor children did the number of backward
errors significantly differ between social and baseline
lists (¢ < 0.50, P > 0.30, paired ¢ test, one-tailed).

This error pattern—a low overall frequency of
backward errors, and a high frequency of perseverative
errors during the baseline, but not the social condi-
tion—provides evidence that both species were per-
forming at the same level of expertise and is consistent
with the theory that both species were likely to have
been using the same mechanisms when learning new
lists in the social and in the baseline condition.

Accuracy of responding to individual items

To evaluate the benefit of the social condition, we
calculated the conditional probabilities of a correct
response at each position, from the start of a new list
until the end of the first correctly completed trial
[P(A), P(BIA), P(CIAB) and P(DIABC)]. Results
demonstrate that both monkeys and children learned
at least two items in the social condition. Monkeys’
accuracy when responding to individual items in the
social condition was compared to baseline and control
probabilities. Results have been reported in detail
elsewhere (Subiaul et al. 2004, supplementary materi-
als; see Table 2). Briefly, in this analysis Horatio ap-
pears to have learned, on average, the first and the last
items of the list the expert was executing. Whereas,
Oberon appears to have learned, on average, the sec-
ond and the third items on the list.
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Table 2 Item-by-item accuracy

Item A B C D
Monkeys 0.23 (0.43) 0.43 (0.5) 0.51 (0.53)  0.90 (0.31)
Horatio 0.4 (0.13)** 0.27 (0.13)  0.33 (0.13)  0.87 (0.09)*
Oberon  0.07 (0.07)* 0.53 (0.12)** 0.67 (0.12)* 0.93 (0.07)

Children 0.33 (0.49) 0.53 (0.52)** 0.80 (0.41)** 0.87 (0.35)

Differences from baseline performance are in bold

Subject’s mean accuracy (SD) when responding to individual
new items in the correct serial order

**P <0.05, *P = 0.06

Because only six children completed both a baseline
and a social list there was not sufficient power to com-
pare social and baseline item accuracies (as was done
with the monkeys). Consequently, the performance of
all the children that completed a social list (n = 15) was
compared to chance probabilities in order to increase
power. In a four item list the probabilities are as follows:
P(A) =025, P(BIA) =0.33, P (CIAB) =0.5 and P
(DIABC) = 1.0]. Ascan be seen in Table 2, children, on
average, learned the position of the second (P = 0.05,
binomial test, one-tailed) and the third (P = 0.01,
binomial test, one-tailed) items significantly faster than
predicted by chance probabilities.

Discussion

Both species learned new lists faster under the social
condition than under the baseline condition. It is un-
likely that these similarities reflected differences in
expertise because, under the same conditions, monkeys
and children made the same types of errors, with equal
frequency. Moreover, both monkeys and children
learned the ordinal position of at least two items in the
social condition. Those similarities suggest that our
data cannot be explained as an artifact of different, but
convergent processes.

Many discussions of imitation (e.g., Baldwin 1902;
Call et al. 2005; Clayton 1978; Morgan 1900; Nagell
et al. 1993; Spence 1937; Thorndike 1898, 1911; Thorpe
1956; Tomasello 1990; Tomasello and Call 1997; Visa-
Iberghi and Fragaszy 2002; Want and Harris 2002;
Whiten and Ham 1992; Zajonc 1965) have identified
simple perceptual and motivational mechanisms that
could result in behavior that resembles imitation
learning. Various features of the design of the present
experiment rule out such explanations for our results.
For example, it was shown that reports of imitation in
human and non-human primates could be explained by
the mere presence of a model/investigator (social
facilitation Clayton 1978; Zajonc 1965), or by a model’s

interaction with a particular object (stimulus
enhancement: Spence 1937) or by a model’s behavior
in a particular location (local enhancement: Thorpe
1956) that draws attention to a target stimulus. Others
have suggested that naive ‘‘students’” may use sophis-
ticated modes of social learning, for example, in situa-
tions in which the student reproduces ‘‘environmental
affordances” rather than a model’s specific actions
(emulation learning Call et al. 2005; Nagell et al. 1993;
Tomasello 1990).

The simultaneous chaining task employed in the
present study rules out stimulus or local enhancement
as explanations for our results. Because the model re-
sponded to all of the list items that were displayed
during the social condition, an individual’s attention
should be directed equally to each item. Thus, all of the
items should derive the same benefit from stimulus
enhancement. Local enhancement is not relevant be-
cause variation of the spatial configuration of the list
items from trial to trial ensured that there was no
relationship between an item and a particular location
on the screen. Improved performance due to the mere
presence of an investigator or model (i.e., social facil-
itation) cannot explain the differences in performance
between the baseline and the social conditions because
the investigator was present during both testing
conditions.” Finally, theories of emulation learning
(Tomasello 1990) cannot explain our results because in
the simultaneous chaining paradigm (1) responses are
not causally related, (2) responses to the last item
(associated with a reward) are not rewarded; To re-
ceive reinforcement individuals must respond correctly
to all items and (3) the affordances associated with a
correct response are undifferentiated (i.e., border and
1,000 Hz tone) and consequently, uninformative with-
out the knowledge of a specific ordinal rule.

Recently, a number of investigators have employed
a new control for emulation, the so-called ‘“ghost”
condition to differentiate between ‘‘imitation” and
“emulation.” Under the ghost condition, an observer
witnesses target actions (results) that occur indepen-
dently of the actions of a demonstrator (Akins and
Zentall 1996; Heyes et al. 1992; Fawcett et al. 2002;
Huang and Charman 2005; Klein and Zentall 2003;
Subiaul et al. 2004). Non-human animals tested under
the ghost control have by and large failed to learn the
target actions (Akins and Zentall 1996; Fawcett et al.
2002; Heyes et al. 1994; Subiaul et al. 2004; see Klein

2 Social facilitation as an explanation for the performance of
non-human primates in the social condition was ruled out by a
control condition in which the expert student executed a differ-
ent new list while being observed by the student in the presence
of another monkey (Subiaul et al. 2004).
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and Zentall 2003 for an exception).’> By contrast, hu-
man children imitate in the standard and the ghost
treatments (Huang and Charman 2005; Thompson and
Russell 2004). Learning under such circumstances has
been interpreted to mean that because only results are
witnessed, individuals in the standard social learning
condition (i.e., with a live model) must be learning
affordances alone. The problem with this logic is two-
fold. First it treats emulation and imitation as inde-
pendent mechanisms rather than inter-related
processes (i.e., actions are given meaning by their re-
sults). Second, and most importantly, this framework
assumes that the ghost control only provide informa-
tion about results, neglecting the fact that ghost con-
trols also provide information about self-propelled
movement and goal-directedness. Nevertheless, the
difference between the performance of humans and
animals suggests that the ghost control is a measure of
something other than emulation because, at least
among primates, ““‘emulation” appears to be the default
social learning strategy (e.g., Call et al. 2005; Horner
and Whiten 2005).

The results of the present study differ from those
observed in studies that compare the performance of
young children and apes (Call and Tomasello 1995;
Nagell et al. 1993; Tomasello et al. 1993, 1987). The
most obvious reason for that difference is the nature of
the imitative task we used. Previous studies required
subjects to imitate specific novel motor acts. That was
likely to have produced a confound between the ability
to copy novel rules and the ability to plan and execute
novel actions. On this view, human and non-human
primates may differ only in their ability to imitate
novel motor acts. This conclusion is consistent with
research in the cognitive (Wright et al. 1985) and
neural (Rizzolatti et al. 2001) sciences that have dem-
onstrated that humans and rhesus macaques share a
number of basic mechanisms and learning strategies
that are essential components of imitation. Rather than
challenging the uniqueness of human imitative abili-
ties, our results can be viewed as clues about imita-
tion’s origin and evolution.
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